We studied 45 children who presented with an inversion injury of the ankle. The clinical signs suggested injury to the distal growth plate of the fibula, but the plain radiographs appeared normal. Ultrasound examination of the joint in 40 patients showed a subperiosteal haematoma consistent with a growth-plate injury in 23 (57.5%). Children who had been treated with a tubular bandage and crutches by random selection had a mean time to return of normal activity of 14.22 days compared with 21.60 days for those treated with a plaster-of-Paris cast (t = 3.60, p = 0.0032; d = 7.38, 95% CI 3.0 to 11.8).
Children commonly present with acute inversion injuries of the ankle and a considerable proportion of them show clinical signs of bony injury to the distal fibula; they have local swelling and bony tenderness and are unable to bear weight. When radiographs are normal they are often diagnosed as having a sprain (Heim et al 1990) . In children the weakest structure in the skeleton is the growth plate; this is more susceptible to injury than bone, joint capsule, ligament or tendon (Rang 1969; Rogers 1970) . It has therefore been suggested that children with the clinical signs of a fracture of the lower fibula after an inversion injury, but a normal radiograph, may have an undisplaced Salter-Harris I physeal injury (King 1994) .
Ultrasound has been shown to be of value in the imaging and diagnosis of skeletal structures including the periosteum around the ankle (Mah et al 1994) . We have used it in conjunction with plain radiography to assess inversion injuries of the ankle in children.
Treatment of these injuries has comprised either immobilisation in plaster (POP) because of suspicion of a growthplate injury (King 1994) or merely the use of a supportive bandage and crutches.
We have undertaken a randomised, controlled trial to compare these two forms of treatment.
PATIENTS AND METHODS
All patients presenting to the Booth Hall Children's Hospital between February and May 1994 were eligible for the study and were selected using an assessment score which included pain (Fig. 1) , swelling, growth-plate tenderness and the degree of weight-bearing (Table I ). Informed consent was obtained before inclusion in the study. The trial included children who had swelling and tenderness over the lateral malleolus, a normal ankle radiograph with no evidence of growth-plate fusion and who were unable to, or could only partially, bear weight. This corresponded to an assessment score of ≥ 10.
Initially, there were 51 patients in the series but only 40 had an ultrasound examination and six of these were lost at No pain Worst pain Fig. 1 Visual pain score for a child.
follow-up, leaving a total of 45 who completed the study, 34 of whom had ultrasound. We performed ultrasound examination of the ankle within 72 hours using a 5 MHz high-density linear array probe (ATL Ultramark 9; Advanced Technology Laboratories, Bothell, Seattle). The uninjured ankle was used as a control. The standard view was a coronal section over the lateral aspect of the ankle using a bag of saline as a stand-off medium to bring the structures of interest into the depth of range of the fixed dimensions of focal depth. We studied particularly the lower fibular growth plate and the peroneal tendons; the joint was also examined for evidence of an effusion. We were unable to visualise the lateral ligament complex in sufficient detail to comment on injuries to this structure.
After initial assessment the patients were randomly allocated to management either with a Tubigrip (Seton Healthcare PLC) and crutches or by weight-bearing in a POP cast for two weeks. The Tubigrip group was also given instructions to manage their injury at home by the application of ice and elevation of the limb. The children were seen at two and four weeks and their assessment scores were reviewed. They were questioned as to when they had been able to resume normal activities. The results were analysed using a two-sample t-test.
RESULTS
Ultrasound assessment. We identified the incidence of six abnormalities on the scans (Table II) . Soft-tissue swelling. All patients showed subcutaneous soft-tissue swelling. Subperiosteal haematoma (Fig. 2) . In 23 of the 40 fully assessed patients (57.5%), the periosteum, seen as a bright echogenic band (P), was detached from the underlying bony cortex (C). The echo-poor area (SPH) between the elevated periosteum and the underlying bony cortex represented a haematoma. Periosteal elevation, when present, was always closely related to the growth plate and extended proximally for a few centimetres. Swelling of peroneus longus tendon (Fig. 3) . The tendon of peroneus longus (PL) was easily seen posteromedial to the lower fibula. Comparisons were made between normal and injured ankles; 18 of the patients (45%) showed tendon swelling. Venous congestion. The tributaries of the short saphenous venous system were dilated in three patients with no visible flow on Doppler examination. Joint effusion. This was seen in three patients. Metaphyseal irregularity. Two patients had increased irregularity on the metaphyseal side of the growth plate. Comparison of management by POP or Tubigrip. In each group patients were matched for age and gender (Table III) . The assessment scores of the POP group were marginally higher but the difference was not statistically significant. The POP group had a higher score at two weeks because these patients were unable to bear weight immediately after removal of the cast. The mean time to return of normal activity was 14.17 days in the Tubigrip group compared with 20.19 days in the POP group, which was statistically significant (t = 4.07, p = 0.0002; d = 6.02, 95% CI 3.03 to Metaphyseal irregularity 2 5.0 Fig. 2 Coronal section of the lower fibula showing the periosteum (P) detached from the bony cortex (C) with a subperiosteal haematoma (SPH) adjacent to the distal fibular growth plate (GP).
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THE JOURNAL OF BONE AND JOINT SURGERY 9.0; Table IV ). The 19 children who had definite ultrasound evidence of a growth-plate injury, with or without peroneal swelling, returned to normal activity significantly earlier (14.22 days) when managed with a tubular bandage as opposed to a POP cast (21.60 days) (t = 3.60, p=0.0032, d = 7.38, 95% CI 3.0 to 11.8). We obtained similar results in favour of Tubigrip for patients with peroneal swelling and no subperiosteal haematoma, and in those with soft-tissue swelling alone, but the numbers were too small to show statistical significance.
DISCUSSION
There is debate as to the exact nature of the damage produced by an inversion injury in a young child which causes inability to bear weight, with swelling and tenderness over the lateral malleolus but a normal radiological appearance. An undisplaced Salter-Harris I physeal injury is likely since tears or ruptures of major ligaments are uncommon in childhood, and type-I injuries result from shearing and avulsion forces (Dias and Tachdjian 1978; Boruta et al 1990) .
In a child the growth plate is significantly weaker than the joint capsule, ligament or bone, and a force which would produce a ligament sprain in an adult is therefore more likely to result in injury to the growth plate (Rogers 1970) . Ligament injuries, however, have been shown to occur in children as a result of ankle inversion (Vahvanen, Westerlund and Nikku 1984) . Careful examination of the ankle Table III may reveal maximal tenderness over the distal fibular epiphysis as opposed to the lateral ligament complex; a second radiograph after two weeks may then show periosteal new bone formation over the adjacent metaphysis (Harris 1981) . In Salter-Harris I fractures the periosteal attachments are usually intact. The epiphysis may be displaced momentarily at the time of the injury, but return to its normal position when the shearing and distracting forces are removed (Salter and Harris 1963) . This may detach the periosteum from the cortex adjacent to the growth plate and extend it proximally. The ultrasound appearance of a resulting subperiosteal haematoma was seen in 57.5% of our patients. The changes seen in the peroneus longus tendon were consistent with a sprain, and any venous congestion was the result of the combined effects of inflammation and dependency.
It has been traditional to use a cast to treat these injuries because of the fear of permanent damage to the growth plate and also to improve comfort. At no time in our study did children treated with a tubular bandage, or their parents, complain of unnecessary discomfort or request immobilisation in plaster.
In a type-I injury the line of cleavage in the growth plate is through the zone of hypertrophic cartilage in which the cells lack the supportive matrix of the other layers (Conrad and Rang 1986) . If there is no significant displacement, the epiphyseal vessels which supply the germinal cells will not be disrupted; premature closure of the epiphysis is thus unlikely to occur.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
